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(54) EXHAUST EMISSION CONTROL DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an exhaust 
emission control device for effectively removing NOX 
in exhaust gas discharged from an internal 
combustion engine. 

SOLUTION: This exhaust emission control device 
comprises a discharge 7; a catalyst 3; a pulse high 
voltage generating device 5 to feed a pulse-form high 
voltage between the electrodes of the discharge 
device 7, exhaust gas thermometers 81 and 82 
situated in a spot situated downstream and a spot 
situated upper stream from an exhaust pipe case 2'; 
an internal combustion engine control device 91 to 
control the operation state of an internal combustion 
engine 1, a sensor 9 to measure information 

necessary for control to the internal combustion engine control device 91, a second 
internal combustion engine control device 92 to determine whether discharge of the 
discharge device 7 is started and control the pulse high voltage generating device 5, and a 
reduction agent adding device 10 to add a reduction agent, necessary to purification of 
exhaust gas, to a spot situated upper stream from the discharge generating region of an 
exhaust pipe 2, which are situated, in the order, from a spot situated upper stream of 
exhaust gas in the exhaust pipe case 2' situated in the exhaust pipe 2 of the internal 
combustion engine 1, such as a diesel engine. 



file://C:\DOCUME'-l\EMTWO^LOB-\LOCALS'-l\Temp\96KKXJUE.htm 



7/26/2006 



Page 2 of 2 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 



file://C:\DOCUME^l\EMTW0^1.0B-\LOCALS^l\Temp\96KKXJUE.htm 



7/26/2006 



JP,2001-159309,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of thxs translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The catalyst which is equipment which purifies the exhaust gas from an internal 
combustion engine, and was prepared in an internal combustion engine's exhaust pipe, The discharge 
device made to generate discharge at least in one side of the exhaust gas upstream to this catalyst or 
this catalyst, The exhaust gas purge which has the improvement function in activity of the catalyst 
characterized by having the high- voltage power source which applies an electrical potential 
difference to this discharge device, and reducing-agent addition equipment which adds a reducing 
agent at least by one side in the exhaust pipe of the exhaust gas upstream rather than the inside of an 
internal combustion engine's cylinder, or said discharge generating field. 
[Claim 2] The exhaust gas purge according to claim 1 which has the gas thermometer which 
measures exhaust gas temperature, and the control unit which controls discharge voltage and the 
amount of reducing agents based on the measurement temperature from this thermometer. 
[Claim 3] The exhaust gas purge according to claim 1 which has the sensor which detects the 
information concerning operational status, such as an internal combustion engine's rotational 
fi-equency, a load, an inhalation air content, and main-injection fuel quantity, the control unit which 
controls an internal combustion engine based on the signal from this sensor, and the control unit 
which controls discharge voltage and the amount of reducing agents based on an intemal combustion 
engine's operation situation. 

[Claim 4] The exhaust gas purge according to claim 1 to 3 which has the sensor which detects the 
amount of hydrocarbons in the exhaust gas from an intemal combustion engine in the exhaust gas 
upstream rather than a discharge field. 

[Claim 5] The catalyst which is equipment which purifies the exhaust gas from an intemal 
combustion engine, and was prepared in an intemal combustion engine's exhaust pipe, The 
effectiveness of raising the temperature of exhaust gas by generating discharge at least in one side of 
the exhaust gas upstream to this catalyst or this catalyst, The discharge device which makes 
poisoning degradation of a catalyst control according to one or more effectiveness in the 
effectiveness of activating exhaust gas, the effectiveness of raising the temperature of a catalyst, and 
the effectiveness of raising the activity of a catalyst. The exhaust gas purge which has the catalyst 
poisoning degradation control function characterized by having the high-voltage power source which 
applies an electrical potential difference to this discharge device, and the ****** degradation 
condition judging and control means which judge whether it is the condition in which a catalyst 
tends to carry out poisoning degradation, and control a high- voltage power source. 
[Claim 6] The catalyst which is equipment which purifies the exhaust gas from an intemal 
combustion engine, and was prepared in an intemal combustion engine's exhaust pipe. The 
effectiveness of raising the temperature of exhaust gas by generating discharge at least in one side of 
the exhaust gas upstream to this catalyst or this catalyst, The discharge device which makes 
poisoning degradation of a sulfur poisoning catalyst recover according to one or more effectiveness 
in the effectiveness of activating exhaust gas, the effectiveness of raising the temperature of a 
catalyst, and the effectiveness of raising the activity of a catalyst. The exhaust gas purge which has 
the catalyst poisoning degradation recovery function characterized by having the high-voltage power 
source which applies an electrical potential difference to this discharge device, and the poisoning 
degradation condition judging and control means by which a catalyst judges the condition that 
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poisoning degradation was carried out, and controls a high- voltage power source. 
[Claim 7] The catalyst which is equipment which purifies the exhaust gas from an internal 
combustion engine, and was prepared in an internal combustion engine's exhaust pipe, The 
effectiveness of raising the temperature of exhaust gas by generating discharge at least in one side of 
the exhaust gas upstream to this catalyst or this catalyst, The discharge device which makes 
poisoning degradation of a catalyst control and recover according to one or more effectiveness in the 
effectiveness of activating exhaust gas, the effectiveness of raising the temperature of a catalyst, and 
the effectiveness of raising the activity of a catalyst. The exhaust gas purge which has the catalyst 
poisoning degradation control and the recovery fiinction characterized by having the high- voltage 
power source which appHes an electrical potential difference to this discharge device, and the 
poisoning degradation condition judging and control means which judge whether it is in the 
condition to which the catalyst carriied out poisoning degradation of whether it is the condition in 
which a catalyst tends to carry out poisoning degradation, and control a high-voltage power source. 
[Claim 8] The exhaust gas purge according to claim 5 to 7 which has reducing-agent addition 
equipment which adds a reducing agent at least by one side in the exhaust pipe of the exhaust gas 
upstream rather than the inside of an internal combustion engine's cylinder, or a discharge generating 
field. 

[Claim 9] Said discharge device is an exhaust gas purge according to claim 1 to 8 characterized by 
inserting a dielectric into inter-electrode [ which was prepared in the exhaust gas upstream of a 

catalyst ]. 

[Claim 10] said discharge device with the tubed insulating material which resembled the exhaust 
pipe case which consisted of conductive metals at this exhaust pipe case inside, and was prepared by 
being close The exhaust gas purge according to claim 1 to 8 with which it consists of two or more 
tabular electrodes prepared by being close to this insulating material, and the ratio of the die length 
(m) of the circumferencial direction of this electrode and the die length (n) of this inter-electrode 
circumferencial direction is characterized by being m/n=l / 1 - 1/10. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the equipment which purifies the exhaust gas from 
an intemal combustion engine, and the exhaust gas purge characterized by having a discharge means 
for recovery of the improvement in activity of a catalyst, control of degradation of a catalyst, and 
degradation of a catalyst, and a control means especially. 

[0002] 

[Description of the Prior Art] Electrodischarge treatment is performed to the thing and exhaust gas 
which are going to carry out reduction removal under existence of HC, using the reduction catalyst 
of an alumina and a zeolite system as a technique which purifies NOX in the exhaust gas discharged 
by the intemal combustion engine (NO and N02), the gas molecule in exhaust gas is activated, and it 
is NOX. The technique which is going to improve removal has been proposed. NOX in the exhaust 
gas discharged by those intemal combustion engines In the technique to purify, corona discharge is 
performed into an intemal combustion engine's exhaust pipe, and it is NO by corona discharge N02 
Raising low-temperature-izing purification activity temperature of a catalyst and purification 
effectiveness because gas temperature rises by discharge at the same time it oxidizes is known (JP,7- 
247827,A). 

[0003] moreover, as a technique which is going to solve the problem of degradation with the sulfur 
of a reduction catalyst When an air-fuel ratio is Lean, it is NOX in exhaust gas. NOX which was 
absorbed, and was absorbed when an air-fuel ratio was rich NOX to emit It is the exhaust gas purge 
of the intemal combustion engine which used the occlusion agent. NOX A sulfur absorbed amount 
decision means to judge having become more than the specified quantity as which the sulfur 
absorbed amount absorbed by the occlusion agent was determined beforehand, when it is judged that 
the sulfur more than the specified quantity was absorbed by it, while setting up an air-fuel ratio 
richly Invention of the exhaust gas purge of the intemal combustion engine having a calorific value 
increase means to increase the calorific value of the exhaust gas which flows into an exhaust gas 
purge is indicated. Namely, NOX which carried out sulfur poisoning In order to make sulfur emit 
and to increase the calorific value of an exhaust gas to an occlusion agent, without heating by an 
electric heater etc. from the exterior, a flame failure is compulsorily carried out with the Lean flame- 
failure means, the hydrocarbon (HC) which came out is burned with a catalyst, and exhaust gas 
temperature is raised, and lag control of the ignition timing is carried out, and it is indicated that it is 
what raises exhaust gas temperature (JP,10-54274,A). 
[0004] 

[Problem(s) to be Solved by the Invention] Corona discharge is generated in the above-mentioned 
intemal combustion engine's exhaust pipe, and, thereby, it is NOX in exhaust gas. In invention to 
purify, the hydrocarbon feeder which adds HC as a reducing agent is installed in the inlet port of a 
reduction catalyst, and there is especially no equipment that supplies a hydrocarbon to the upstream 
of corona discharge equipment. It sets, when it does not exist with the case where HC exists, and 
drawin g 20 is NO to N02 by exhaust gas temperature and discharge. It is a graph showing relation 
with the amount which oxidizes. By the way, it is NO by corona discharge N02 HC is needed in 
oxidizing. For this, in the gas by which it is for oxidation reaction of NO to carry out the exactly 
same reaction as photochemical reaction, and HC does not exist, NO is N02. It is because the 
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reaction which oxidizes hardly progresses. N02 of NO [ from ] when exhaust gas is low temperature 
under corona discharge at the time of HC existence so that clearly from drawing 20 Although 
oxidation is accepted, most oxidation is not accepted when HC does not exist. In the above- 
mentioned invention, since the hydrocarbon feeder which adds HC is installed between corona 
discharge equipment and a reduction catalyst, HC is not supplied to corona discharge equipment. 
Therefore, when a fuel bums completely in internal combustion engines, such as a diesel power 
plant, HC does not exist in exhaust gas, consequently it is NO N02 It cannot be made to oxidize. 
Moreover, N02 Although activity temperature can be lowered more while the direction of the rate of 
purification which also set at the time of reduction, and also decomposed and ionized HC by corona 
discharge improves, in the above-mentioned invention, since HC does not pass along corona 
discharge equipment, it cannot carry out decomposition of HC, and ionization, but has the problem 
that the effectiveness by discharge is not acquired. Furthermore, by adding within an internal 
combustion engine's cylinder, partial oxidation is carried out and HC as a reducing agent is NOX. 
Although it is also known that purification effectiveness will increase, there is a problem that this 
effectiveness cannot be used, either, in the above-mentioned invention. 

[0005] Moreover, invention of the above-mentioned internal combustion engine's exhaust emission 
control device is NOX, although exhaust gas temperature is raised, the temperature of a sulfur 
poisoning catalyst is raised and sulfur poisoning is recovered. In order to raise the temperature of an 
occlusion catalyst to the level which can recover sulfur poisoning, a lot of HC is needed, it is 
required to repeat flame-failure control many times for this reason, and there is a problem to which 
an internal combustion engine's operational status becomes unstable and to say. Moreover, also when 
raising exhaust gas temperature by lag control, engine operation balance collapses, engine power 
changes, and a degree of comfort worsens. Thus, there is a problem that it is difficult to carry out 
stable transit of the car because operational status changes. Moreover, since it is necessary to also 
loosen a surrounding exhaust pipe when raising whenever [ catalyst temperature ] by combustion, a 
temperature rise will take time amount, a fuel useless in the meantime will be consumed, and 
temperature does not fall conversely shortly after poisoning recovery in the heat capacity which a 
catalyst has when carrying out anticipated use further, but it is NOX in the meantime. There is also a 
problem of being in the condition that purification is impossible. It can be told to the approach of 
raising the temperature of a catalyst by burning HC and recovering sulfur poisoning by it from the 
above reason that many problems are. 

[0006] The place which this invention is made in view of the above-mentioned trouble, and is made 
into the purpose NOX in the exhaust gas discharged by the internal combustion engine In case it is 
going to remove good (1) Reducing-agent content exhaust gas and a catalyst are activated, and it is 
N02 of NO. Oxidation, N2 of N02 (2) NOX which retums more effectively Occlusion reduction 
catalyst. Selection reduction type NOX Control and control that sulfur poisoning arises for catalysts 
(for example, reduction catalyst of an alumina and a zeolite system), such as a catalyst. (3) It is 
offering the exhaust gas processor [ like ] which can perform degradation recovery of the sulfur 
poisoning catalyst which controlled and controlled and sulfur poisoning to (4) catalysts generated 
which recovers degradation of the generated sulfur poisoning catalyst also in the condition of not 
losing balance of the above internal combustion engines' operational status. 
[0007] 

[Means for Solving the Problem] this invention persons are NOX in the exhaust gas discharged by 
the internal combustion engine. NOX used in case it removes An occlusion reduction catalyst and 
selection reduction type NOX Catalyst (It may only be hereafter called a "catalyst".) When 
investigation and research are done about degradation of the catalyst by the relation between the 
catalysis under reducing-agent existence, and its catalysis and plasma discharge, the phenomenon 
which sulfur poisoning produces for a catalyst, and its thing, recovery of a sulfur poisoning catalyst, 
etc., the following is found out and this invention is completed. 

[0008] Although the nitrogen oxides (NOX) in the exhaust gas discharged from a [oxidization to 
N02 of NO] diesel power plant etc. have much NO, in the case of a selection reduction catalyst, it is 
N02 from NO. The rate of purification of direction is high (see drawing 9 of above-mentioned JP,7- 
247827,A, and 10). However, N02 of NO Under the environment where HC is required for 
oxidation since it is the same as that of photochemical reaction, and HC does not exist N02 
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Oxidation is [ hardly progressing also in a plasma discharge field, i.e., plasma discharge, and ] N02 
of NO under existence of HC. Oxidation reaction For example, when C3H6 are used as HC, A 
reaction like 0+C3H6 ->C2H5+HCOC2H5+02+M->C2H502+MHCO+02 - 
>CO+H02C2H502+NO->C2H5 0+N02C2H5 0+02 ->CH3 CHO+H02H2 0+N0->0H+N02 
arises. NO is N02. Oxidize. Therefore, NO is N02. HC is required in order to become (the Suzuki 
****, "atmospheric science", the University of Tokyo publication 1979, p.37 - 40 reference). 
[Catalytic activity] It is ionized or decomposed when HC passes along a plasma discharge field. 
Since the temperature of the exhaust gas which the activity of the catalyst in contact with the plasma 
improves, and catalytic reaction becomes easy to progress, and contacts a catalyst by plasma 
discharge also rises, NOX high from from when the temperature of the exhaust gas discharged from 
an engine is in a low-temperature region Purification can be obtained, NOX In the case of an 
occlusion reduction catalyst, it is N02 from NO. Even if it does not generate plasma discharge at 
that occlusion of the direction is carried out more to a catalyst at low temperature, and the 
temperature which the temperature of exhaust gas can purify enough with a catalyst, the rate of 
purification of exhaust gas is maintainable in the high condition. 

[0009] [Sulfur poisoning to catalyst] NOX With an occlusion reduction type catalyst NOX 
discharged by the internal combustion engine When carrying out occlusion, NO oxidizes on a 
catalyst front face, and they are N02 and N03. That occlusion is become and carried out, another 
side, and S02 It is S02 when it reaches on a catalyst front face. S03 It becomes and is N03. 
Although occlusion is carried out instead The exhaust gas which is a usual internal combustion 
engine operating range in the state of low temperature (600 degrees C or less) S03 by which 
occlusion was carried out Becoming the cause of it not being returned easily but worsening the 
occlusion capacity of a catalyst as sulfur poisoning, and N02 S02 When both sides arrive at a 
catalyst front face S02 It compares and is N02. As opposed to that the occlusion of the direction is 
easier to be carried out to a catalyst, a catalyst, or a catalyst by the exhaust gas upstream By 
generating discharge on a suitable electrical potential difference, it is N02 alternatively about NO in 
exhaust gas. It can be made to oxidize, CO generated by plasma discharge by partial oxidation and 
decomposing in HC component of a reducing agent, or H2 S03 S02 Also in that it can emit by 
carrying out, and the ambient atmosphere place where 02 does not exist It radical-izes and HC is 
S03. That a reduction reaction can be promoted and N02 S02 Since there is a property by which 
compares and occlusion is quickly carried out to a catalyst. Even if it uses the fuel with which sulfur 
was contained as that sulfur poisoning becomes occlusion is carried out and is hard to be carried out 
and a result before sulfur poisoning arises, it can consider as the condition of being hard to carry out 
sulfur poisoning. 
[00 1 0] [About a cure means] 

- N02 of NO In the condition that HC is not added to the inside of an internal combustion engine's 
cylinder, or an exhaust pipe, but there is no HC to oxidation, NO is N02 also by plasma discharge. 
Since it is hard to oxidize, it be more nearly required than the plasma discharge field in a cylinder or 
an exhaust pipe to form the reducing-agent addition equipment which adds a reducing agent (HC) in 
the exhaust gas upstream, and to add HC. 

- It be required to control the generating condition of plasma (responding to height of exhaust gas 
temperature etc.) discharge about catalytic activity according to an internal combustion engine's 
condition. 

- It be required to establish the ****** degradation condition judging and control means which 
controls whether it should judge whether it is in the exhaust gas ambient atmosphere in which a 
catalyst tends to carry out poisoning to control and control of sulfur poisoning to a catalyst (detection 
or presumption), and the discharge for poisoning evasion should be generated. 

- It be required to establish the poisoning degradation condition judging and control means which 
controls whether the poisoning degradation condition of a catalyst should be judged (detection or 
presumption), and the discharge for poisoning recovery should be generated to degradation recovery 
of a sulfur poisoning catalyst. This invention is completed by finding out the above phenomena and a 
cure means. 

[001 1] "Namely, the exhaust gas purge concerning this invention, the catalyst which is equipment 
which purifies the exhaust gas from an internal combustion engine, and was prepared in an internal 
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combustion engine's exhaust pipe, The discharge device made to generate discharge at least in one 
side of the exhaust gas upstream to this catalyst or this catalyst, exhaust gas purge which has the 
improvement function in activity of the catalyst characterized by having the high- voltage power 
source which applies an electrical potential difference to this discharge device, and reducing-agent 
addition equipment which adds a reducing agent at least by one side in the exhaust pipe of the 
exhaust gas upstream rather than the inside of an internal combustion engine's cylinder, or a 
discharge generating field. " (claim 1) — it considers as a summary (matter which specifies 
invention). Moreover, the gas thermometer with which the exhaust gas purge concerning this 
invention measures - exhaust gas temperature, The sensor which detects the information conceming 
operational status, such as a rotational frequency of having the control unit which controls discharge 
voltage and the amount of reducing agents based on the measurement temperature from this 
thermometer (claim 2), and - internal combustion engine, a load, an inhalation air content, and main- 
injection fuel quantity. It is based on the control unit which controls an internal combustion engine 
based on the signal from this sensor, and an internal combustion engine's operation situation. 
Discharge voltage. It has [ having the control unit which controls the amount of reducing agents 
(claim 3), ] the sensor which detects the amount of hydrocarbons in the exhaust gas discharged by - 
internal combustion engine in the exhaust gas upstream rather than a discharge field (claim 4), - The 
above-mentioned discharge device inserts a dielectric into inter-electrode [ which was prepared in 
the exhaust gas upstream of a catalyst ] (claim 9), - the above-mentioned discharge device with the 
tubed insulating material which resembled the exhaust pipe case which consisted of conductive 
metals at this exhaust pipe case inside, and was prepared by being close It consists of two or more 
tabular electrodes prepared by being close to this insulating material, and the ratio of the die length 
(m) of the circumferencial direction of this electrode and the die length (n) of this inter-electrode 
circumferencial direction can make at least one of the being [ it / m/n=l / 1 - 1/10 ] (claim 10) **s 
the matter which specifies invention. 

[0012] "Moreover, the exhaust gas purge conceming this invention, the catalyst which is equipment 
which purifies the exhaust gas from an internal combustion engine, and was prepared in an internal 
combustion engine's exhaust pipe. The effectiveness of raising the temperature of exhaust gas by 
generating discharge at least in one side of the exhaust gas upstream to this catalyst or this catalyst. 
The discharge device which makes poisoning degradation of a catalyst control according to one or 
more effectiveness in the effectiveness of activating exhaust gas, the effectiveness of raising the 
temperature of a catalyst, and the effectiveness of raising the activity of a catalyst, exhaust gas purge 
which has the catalyst poisoning degradation control function characterized by having the high- 
voltage power source which applies an electrical potential difference to this discharge device, and 
the ****** degradation condition judging and control means which judge whether it is the condition 
in which a catalyst tends to carry out poisoning degradation, and control a high- voltage power 
source. " (claim 5) — it considers as a summary (matter which specifies invention). Moreover, the 
thing for which the exhaust gas purge conceming this invention has the internal combustion engine 
control unit which controls - internal combustion engine's operational status, - It has reducing-agent 
addition equipment which adds a reducing agent at least by one side in the exhaust pipe of the 
exhaust gas upstream rather than the inside of an intemal combustion engine's cylinder, or a 
discharge generating field (claim 8), - The above-mentioned discharge device inserts a dielectric into 
inter-electrode [ which was prepared in the exhaust gas upstream of a catalyst ] (claim 9), - the 
above-mentioned discharge device with the tubed insulating material which resembled the exhaust 
pipe case which consisted of conductive metals at this exhaust pipe case inside, and was prepared by 
being close It consists of two or more tabular electrodes prepared by being close to this insulating 
material, and the ratio of the die length (m) of the circumferencial direction of this electrode and the 
die length (n) of this inter-electrode circumferencial direction can make at least one of the being [ it / 
m/n=l / I -1/10] (claim 10) **s the matter which specifies invention. 

[0013] "Moreover, the exhaust gas purge conceming this invention, the catalyst which is equipment 
which purifies the exhaust gas from an intemal combustion engine, and was prepared in an intemal 
combustion engine's exhaust pipe, The effectiveness of raising the temperature of exhaust gas by 
generating discharge at least in one side of the exhaust gas upstream to this catalyst or this catalyst, 
The discharge device which makes poisoning degradation of a sulfur poisoning catalyst recover 
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according to one or more effectiveness in the effectiveness of activating exhaust gas, the 
effectiveness of raising the temperature of a catalyst, and the effectiveness of raising the activity of a 
catalyst, exhaust gas purge which has the catalyst poisoning degradation recovery function 
characterized by having the high- voltage power source which applies an electrical potential 
difference to this discharge device, and the poisoning degradation condition judging and control 
means by which a catalyst judges the condition that poisoning degradation was carried out, and 
controls a high-voltage power source. " (claim 6) — it considers as a summary (matter which 
specifies invention). Moreover, the thing for which the exhaust gas purge concerning this invention 
has the internal combustion engine control unit which controls - internal combustion engine's 
operational status, - It has reducing-agent addition equipment which adds a reducing agent at least by 
one side in the exhaust pipe of the exhaust gas upstream rather than the inside of an internal 
combustion engine's cylinder, or a discharge generating field (claim 8), - The above-mentioned 
discharge device inserts a dielectric into inter-electrode [ which was prepared in the exhaust gas 
upstream of a catalyst ] (claim 9), - the above-mentioned discharge device with the tubed insulating 
material which resembled the exhaust pipe case which consisted of conductive metals at this exhaust 
pipe case inside, and was prepared by being close It consists of two or more tabular electrodes 
prepared by being close to this insulating material, and the ratio of the die length (m) of the 
circumferencial direction of this electrode and the die length (n) of this inter-electrode 
circumferencial direction can make at least one of the being [ it / m/n=l / I - 1/10 ] (claim 10) **s 
the matter which specifies invention. 

[0014] "Moreover, the exhaust gas purge concerning this invention, the catalyst which is equipment 
which purifies the exhaust gas fi-om an intemal combustion engine, and was prepared in an intemal 
combustion engine's exhaust pipe. The effectiveness of raising the temperature of exhaust gas by 
generating discharge at least in one side of the exhaust gas upstream to this catalyst or this catalyst, 
The discharge device which makes poisoning degradation of a catalyst control and recover according 
to one or more effectiveness in the effectiveness of activating exhaust gas, the effectiveness of 
raising the temperature of a catalyst, and the effectiveness of raising the activity of a catalyst. The 
exhaust gas purge which has the catalyst poisoning degradation control and the recovery function 
characterized by having the high-voltage power source which applies an electrical potential 
difference to this discharge device, and the poisoning degradation condition judging and control 
means which judge whether it is in the condition to which the catalyst carried out poisoning 
degradation of whether it is the condition in which a catalyst tends to carry out poisoning 
degradation, and control a high- voltage power source. " (claim 7) ~ it considers as a summary 
(matter which specifies invention). Moreover, the thing for which the exhaust gas purge concerning 
this invention has the intemal combustion engine control unit which controls - intemal combustion 
engine's operational status, - It has reducing-agent addition equipment which adds a reducing agent 
at least by one side in the exhaust pipe of the exhaust gas upstream rather than the inside of an 
intemal combustion engine's cylinder, or a discharge generating field (claim 8), - The above- 
mentioned discharge device inserts a dielectric into inter-electrode [ which was prepared in the 
exhaust gas upstream of a catalyst ] (claim 9), - The tubed insulating material prepared by the above- 
mentioned discharge device being close to the exhaust pipe case and this exhaust pipe case inside 
which consisted of conductive metals. It consists of two or more tabular electrodes prepared by being 
close to this insulating material, and the ratio of the die length (m) of the circumferencial direction of 
this electrode and the die length (n) of this inter-electrode circumferencial direction can make at least 
one of the being [ it / m/n=l / 1 - 1/10 ] (claim 10) **s the matter which specifies invention. 
[0015] 

[Embodiment of the Invention] In the equipment with which this invention purifies the exhaust gas 
fi*om an intemal combustion engine rather than the plasma discharge field in (1) cylinder or an 
exhaust pipe The exhaust gas upstream The reducing-agent addition equipment which adds a 
reducing agent (HC) (for it to only be hereafter called the "upstream") is formed, (2) The generating 
condition of plasma discharge is controlled according to an intemal combustion engine's condition, 
(3) The ****** degradation condition judging and control means which judges and controls whether 
it should judge whether it is in the exhaust gas ambient atmosphere in which a catalyst tends to carry 
out poisoning (detection or presumption), and the discharge for poisoning evasion should be 
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generated are established, (4) The poisoning degradation condition of a catalyst is judged (detection 
or presumption), and it is characterized by establishing the poisoning degradation condition judging, 
control means, etc. which judges and controls whether the discharge for poisoning recovery should 
be generated and to carry out. 

[0016] This invention is not limited by the gestalt of the following operations although the gestalt of 
operation of this invention is explained with reference to a drawing below at a detail. Drawin g 1 is 
the schematic diagram of the 1 st operation gestalt of the exhaust gas purge of the internal 
combustion engine concerning this invention. That is, it is the schematic diagram of the exhaust gas 
purge which has a catalytic activity function. Exhaust pipe case 2' by which this internal combustion 
engine's exhaust gas purge was prepared in the exhaust pipe 2 of the internal combustion engines 1 , 
such as a diesel power plant, the exhaust pipe case 2 — the thermometers 81 and 82 for measuring the 
temperature of exhaust gas prepared in the upstream and the downstream of 'the discharge device 7 
by which sequential arrangement was carried out from the upstream inside, a catalyst 3 and the pulse 
height electrical-potential-difference generator 5 which supplies the pulse-like high voltage to inter- 
electrode [ of a discharge device 7 ], and the exhaust pipe case T ~ It decides whether start discharge 
of the sensor 9 which measures information required for the internal combustion engine control unit 
91 and the internal combustion engine control unit 91 which control an internal combustion engine's 
1 operational status at control, and a discharge device 7. It consists of reducing-agent addition 
equipment 10 which adds to the upstream a reducing agent required in order to purify the 2nd 
internal combustion engine control unit 92 and exhaust gas which control the pulse height electrical- 
potential-difference generator 5 rather than the discharge generating field of an exhaust pipe 2. The 
internal combustion engine control device 91 controls an internal combustion engine's 1 operational 
status based on signals, such as the amount of accelerators measured by the sensor 9, an engine 
speed, and cooling water temperature. You may presume from an internal combustion engine's 
operational status instead of measuring exhaust gas temperature directly. In that case, a thermometer 
81 is omissible. Moreover, the temperature in a catalyst 3 may be measured instead of measuring the 
exhaust-gas temperature from catalyst back (catalyst outlet) with a thermometer 82. Moreover, the 
equipment which adds a reducing agent (HC) in a cylinder may be used instead of the reducing-agent 
addition equipment 1 0 which adds a reducing agent to the upstream rather than the discharge 
generating field of an exhaust pipe 2. In any case, since HC is added by the upstream rather than a 
discharge generating field, required HC will be supplied in a discharge field, and HC will be added 
at the place whose exhaust gas temperature is an elevated temperature, and HC is evaporated easily 
and it comes to be mixed with homogeneity in exhaust gas. Furthermore, it may be made to generate 
in a catalyst 3 instead of generating discharge in the upstream of a catalyst 3, and the reaction on the 
front face of a catalyst is promoted in this case, purification activity can be raised more, and it is 
N02 in exhaust gas low temperature. It is high NOX by the synergistic effect of the effectiveness by 
the occlusion to a catalyst, and the activity effectiveness of the reaction on the front face of a 
catalyst. The rate of purification is obtained. 

[0017] Drawing 2 is drawing showing an example of the concrete configuration of a discharge 
device 7, and drawing 3 is X of drawing 2 , and X cutting sectional view. 101 is constituted from the 
exhaust pipe case by the conductive metal, is grounded and becomes cathode. 1 02 is the insulating 
material prepared in the exhaust pipe case 101, is made from the ceramic or the quartz and is close 
with the metaled exhaust pipe case 101 . 103 is a conductive anode plate electrode, and is been [ 103 / 
it ] close and prepared inside an insulating material 102. The ratio of the die length (m) of the 
circumferencial direction of an electrode and the die length (n) of an inter-electrode circumferencial 
direction is set as the suitable value between m/n=l / 1 - 1/10. Lead wire is connected with the 
electrode 103 from the plug 105, and the high voltage is supplied from the pulse height electrical- 
potential-difference generator 5. 104 is a spacer, and it is installed in the center section so that 
exhaust g£is may pass near the electrode. It is fixed to the exhaust pipe case 101 by the insulator 106, 
and a spacer 104 is in an insulating condition in the exhaust pipe case 101 and the anode plate 
electrode 103. 

[0018] Next, purification of the exhaust gas by the above-mentioned internal combustion engine's 
exhaust gas purge is explained to a detail with reference to a drawing. Drawing 4 is a graph showing 
the relation between exhaust gas temperature, the yield (TNOX) of nitrogen oxides, and equivalent 
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ratio, drawing 5 is a graph showing the relation between an engine speed and an unbumt [ fuel 
quantity / injection ] HC concentration line, drawing 6 is a graph showing the relation between 
exhaust gas temperature and the yield (TNOX) of nitrogen oxides, and drawing 7 is drawing 
showing the relation between the yield of nitrogen oxides, and the pulse voltage impressed to a 
discharge device. 

[0019] An engine speed, an inhalation air content, and the load and fuel quantity that were measured 
by [control of reducing-agent addition] sensor 9 are transmitted to the 2nd internal combustion 
engine control unit 92 as a signal of the 1 st internal combustion engine control unit 91 . In the 2nd 
internal combustion engine control unit 92, equivalent ratio is computed from an inhalation air 
content and fuel quantity, and the yield (TNOX) of nitrogen oxides is calculated on the map shown 
in drawin g 4 from the obtained equivalent ratio and the exhaust gas temperature measured with the 
thermometer 81 . Moreover, in the 2nd internal combustion engine control device 92, the amount 
(THCmap) of unbumt HC is computed using the map shown in drawing 5 from an engine speed and 
fuel quantity, and the amount (THC) of unbumt HC which added amendment by cooling water 
temperature (Tw) by the degree type, and amended it is calculated. 
THC=THCmap-aaTwH-bb (aa and bb are a constant) 

Next, with the 2nd internal combustion engine control unit 92, it is TNOX. From THC, the amount 
( AHC) of HC added from reducing-agent addition equipment is computed, and the amount of HC to 
add is controlled by the degree type. 
AHC-aTNOX-THC (a is a constant) 

In addition, the amount of unbumt HC in an exhaust pipe is NOX in the exhaust pipe between a 
discharge device and an internal combustion engine, although presumed from a rotational frequency, 
fuel oil consumption, and cooling water temperature, A sensor and HC sensor may be attached and 
measured directly. Moreover, the amount of HC (THCmap) may form and measure a sensor directly 
in an exhaust pipe. The amount (AHC) of HC added from reducing-agent addition equipment is also 
controllable based on the measurement temperature from the gas thermometer which measures 
exhaust gas temperature. That is, exhaust gas temperature becomes an elevated temperature, 
discharge is stopped by the temperature region to which exhaust gas purification goes only with a 
catalyst, and the amount of reducing agents is also restricted only to a complement by the exhaust 
gas purification by the catalyst in it. When such, it can control only based on the measurement 
temperature from the gas thermometer which measures exhaust gas temperature. 
[0020] The exhaust gas temperature of [control of discharge voltage] catalyst outlet is measured with 
a thermometer 82, and it judges whether in the 2nd internal combustion engine control unit 92, 
discharge is generated from the yield (TNOX) of the nitrogen oxides obtained as mentioned above, 
and the exhaust gas temperature measured with the thermometer 82. Namely, TNOX When the 
temperature of the exhaust gas which reached and was measured with the thermometer 82 is 
contained in the field (for this field there is little effectiveness of a catalyst 3 and whenever [ catalyst 
temperature ] is NOX in exhaust gas at low temperature it is a field with many amounts) of (i) in 
drawing 6 , it discharges to exhaust gas, and it is NO N02 A reducing agent is also made to 
disassemble and ionize while making it oxidize. By this discharge, it is NOX. N02 NOX which is 
made to shift; reaction temperature to a low temperature side while carrying out and making it stick 
to a catalyst 3, and is discharged An amount can be reduced. Moreover, TNOX And when the 
exhaust gas temperature measured with the thermometer 82 is contained in the field (this field is 
NOX there are few amounts, or it is the field where catalytic activity is acquired since whenever 
[ catalyst temperature ] is in a high condition) of (ii) in drawin g 6 , he stops discharge and leaves 
purification to the capacity of a catalyst. Thereby, spark discharge energy can be saved. In the 2nd 
internal combustion engine control unit 92, while judging whether the above-mentioned discharge is 
generated, the pulse voltage supplied to a discharge device 7 from the pulse height electrical- 
potential-difference generator 5 according to drawing 7 is determined, and the signal is sent to the 
pulse height electrical -potential-difference generator 5. In the pulse height electrical-potential- 
difference generator 5 which received the signal, a pulse voltage is supplied to a discharge device 7 
according to the signal. In a discharge device 7, if the high voltage is applied to the electrode shown 
by draw ing 2 , the plasma will occur into the part of n in drawing 3 . In order to generate the plasma 
efficiently, the relation between the die length (m) of the circumferencial direction of an electrode 
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and the die length (n) of an inter-electrode circumferencial direction is important, and it is necessary 
to change this by the system (NOX to which this invention is applied purification system) made into 
a technical problem. In the example shown in the drawing, the ratio is m/n=l/l . In addition, the 
cathode electrode 101 and the anode plate electrode 103 can generate the plasma having stuck to the 
insulator 102 efficiently [ direction ]. Moreover, instead of carrying out based on the signal of both 
the information conceming intemal combustion engines, such as an engine speed which measured 
control of the above discharge voltage by the sensor 9, an inhalation air content, a load, and fuel 
quantity, and the signal from a thermometer 8 1 and 82 grades which me£isured exhaust-gas 
temperature, exhaust gas temperature may become an elevated temperature and you may carry out in 
the temperature region to which exhaust gas purification goes only with a catalyst only based on the 
signal from a thermometer 81 and 82 grades which measured exhaust-gas temperature. 
[0021] Drawing 8 is NOX in a catalyst outlet [ as opposed to / technique / (exhaust gas purge 
without a discharge device) / this invention and / conventional / exhaust gas temperature ] . It is the 
graph which showed the amount. This graph is NOX in a catalyst outlet when an internal combustion 
engine's load is raised gradually and the exhaust gas temperature from an intemal combustion engine 
rises gradually. An amount is plotted. With the conventional technique only using drawing 8 to a 
catalyst, exhaust gas is NOX in a low-temperature field (field in [ B ] drawing 8 ). For that sufficient 
purification will start if the activity of a catalyst comes to appear and it becomes the field of D as 
hardly progressing and exhaust gas temperature rise, and this reason, most purification is NOX in a 
low-temperature region. It is clear that purification is not carried out. on the other hand, in this 
invention, in the field of B of exhaust gas low temperature without catalytic activity NO is N02. 
Although the activity of a catalyst will begin to work if whenever [ catalyst temperature ] goes up 
with the rise of that adsorb into a catalyst and piping (this is adsorbed since the moisture of 
combustion gas is attached to the interior of piping at the time of low temperature), and the discharge 
from a catalyst outlet is controlled by being carried out, and exhaust gas temperature It is clear that 
catalytic activity has arisen from firom by it being part-decomposed by discharge and HC being 
ionized when exhaust gas is low temperature as compared with the case where there is no discharge. 
Moreover, although catalytic activity is not enough acquired in the conventional technique without 
discharge in the field of B in drawin g 8 , since sufficient activity of a catalyst is acquired even if it 
does not operate a discharge device in hot temperature from that catalytic activity is acquired by the 
discharge device in this invention, and an A point, it is clear that the same purification property is 
acquired also in the conventional technique. Thus, according to this invention, it becomes possible to 
offer the always high rate of purification also to the exhaust gas temperature which always changes. 
In addition, when discharge purifies exhaust gas, the suitable current corresponding to the 
temperature of the exhaust gas, a presentation, and a flow rate (residence time under discharge) and 
an electrical potential difference exist. Therefore, it is also possible by guessing the exhaust gas 
temperature at that time, a presentation, and a flow rate fi-om the signal of engine operational status, 
and measuring in a direct exhaust pipe to control to apply the electrical potential difference and 
current which were most suitable for the exhaust gas condition at that time. By such control, power 
consumption can be stopped and exhaust gas can be purified efficiently. 

[0022] Drawing 9 is the schematic diagram of the 2nd operation gestalt of the exhaust gas purge of 
the intemal combustion engine conceming this invention. That is, the schematic diagram of the 
exhaust gas purge of the intemal combustion engine which has a poisoning control function is 
shown. Drawing 10 shows other structures of the electrode section of the 2nd operation gestalt of the 
exhaust gas purge of the intemal combustion engine conceming this invention. This intemal 
combustion engine's exhaust gas purge The operational status of the electrodes 42 and 43 of the disc- 
like pair which has the permeability prepared in the upstream of the catalyst 3 prepared in an intemal 
combustion engine's 1 exhaust pipe 2, and a catalyst 3, the electrode 42 of a pair, the pulse height 
electrical -potential-difference generator 5 that supplies the pulse-like high voltage among 43, and an 
intemal combustion engine 1 It judges whether it is in the condition that poisoning of the sensor 9 
and catalyst 3 which measure information required for the internal combustion engine control unit 91 
and the intemal combustion engine control unit 9 1 to control at control is easy to be carried out 
(detection or presumption). Rather than the electrodes 42 and 43 and catalyst 3 of a pair which are 
used as an ingredient for the ****** degradation condition judging and the control means 93, and 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/26/2006 



JP,2001-159309,A [DETAILED DESCRIPTION] 



Page 9 of 1 3 



the ****** degradation condition judging and the control means 93 which control the pulse height 
electrical-potential-difference generator 5 to judge, the gas temperature of the upstream, It consists 
of thermometers 81 and 82 which measure the exhaust gas temperature after passing a catalyst. In 
addition, a dielectric 41 (for example, alumina) can also be inserted so that it may be easy to produce 
discharge (plasma) between the electrode 42 of a pair, and 43 . Moreover, with above equipment, 
instead of the electrodes 42 and 43 of the disc-like pair which has the permeability prepared in the 
upstream of a catalyst 3, the tubed electrode 45 may be formed in the periphery of an exhaust pipe 2 
in the electrode 44 and electrode 44 of the shape of a rod prepared in the upstream of a catalyst 3, 
and the corresponding location as shown in drawing 10 . Moreover, in the condition that there is no 
HC although the reducing-agent addition equipment which adds a reducing agent (HC) to the inside 
of an internal combustion engine's cylinder or an exhaust pipe is not formed with above equipment, 
NO is N02 by discharge. Since it is hard to oxidize, it is also possible to form the reducing-agent 
addition equipment which performs HC addition into a cylinder or HC addition into an exhaust pipe. 
[0023] Next, purification of the exhaust gas by the above-mentioned intemal combustion engine's 
exhaust gas purge is explained to a detail with reference to a drawing. Drawing 1 1 is drawing 
showing the relation between the mean temperature of the exhaust gas before and behind a catalyst, 
and the amount of the sulfur in exhaust gas. The intemal combustion engine control computer 91 
controls an intemal combustion engine's 1 operational status based on signals, such as the amount of 
accelerators measured by the sensor 9, an engine speed, and cooling water temperature. The amount 
of exhaust gas from injection fuel quantity, an engine speed, and the amount of EGR(s) is 
transmitted to the ****** degradation condition judging means 93 at coincidence. Furthermore, the 
signal from thermometers 8 1 and 82 established before and after the catalyst is inputted into the 
****** degradation condition judging means 93. With the ****** degradation condition judging 
means 93, the sulfur concentration in exhaust gas is presumed from the injected fiiel and an 
inhalation air content. Since the amount of sulftir contained in the fiiel is almost fixed, the amount of 
sulfur (sulfur concentration) can be presumed from fiiel quantity. Furthermore, it asks for the mean 
temperature of thermometers 81 and 82. And when it goes into Field C in the graph shown by 
drawing 1 1 , it judges with the ****** degradation condition judging means 93 being in the 
condition that poisoning of the catalyst is easy to be carried out, and a discharge generating signal is 
sent to the pulse height electrical-potential-difference generator 5. The pulse height electrical- 
potential-difference generator 5 will generate a high-voltage pulse, if a signal is received, applies a 
high- voltage pulse to exhaust gas through electrodes 42 and 43, and generates discharge. Although 
the pulse height electrical-potential-difference generator made to generate the high voltage as a high- 
voltage pulse with more high effectiveness was used here, a constant-pressure high-voltage 
transformer assembly is sufficient. 

[0024] Drawing 12 is NOX [ as opposed to / technique / (how not to use the restraint of sulfiir 
poisoning) / this invention and / conventional / a time ] of a catalyst. It is the graph which showed 
absorptance (occlusion possible amount). Drawing 12 is NOX within a catalyst. NOX when 
returning once Change (NOX of the catalyst after regenerating change of the amount of occlusion) of 
the amount of occlusion is shown to a time. In this invention, it crosses to long duration more, and is 
NOX. With the conventional technique, it understands to there being absorptance that poisoning is 
carried out to sulfiar and it becomes impossible to absorb immediately. From drawing 12 , it is 
distinct that the degradation stage as a catalyst is sharply improvable in this invention, this — NOX in 
an occlusion reduction catalyst, NO discharged by the intemal combustion engine oxidizes on a 
catalyst front face — having — N02 and N03 although occlusion is become and carried out ~ 
another side — general ~ S02 S03 becoming ~ N03 It is thought that occlusion is carried out 
instead. Moreover, by discharge, it is S02. Oxidation (N0->N02) of NO tends to progress rather 
than oxidation (S02 ->S03). At this time, it is N02. When a catalyst is reached S02 Compare, the 
occlusion of the direction of N02 is easier to be carried out to a catalyst, and it sets to this invention 
there. By discharge, only NO in exhaust gas is N02. It is S02, in order to oxidize and to reach a 
catalyst. It compares and is N02. It is thought that sulfur poisoning becomes occlusion of the 
direction is carried out to a catalyst, consequently is hard to be carried out. 
[0025] Drawing 13 is drawing showing the schematic diagram of the 3rd operation gestalt of the 
exhaust gas purge of the intemal combustion engine concerning this invention. That is, the schematic 
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diagram of the exhaust gas purge of the internal combustion engine which has a poisoning recovery 
function is shown. This internal combustion engine's exhaust gas purge is prepared in the form 
which sandwiches the catalyst 3 prepared in the internal combustion engine 1 and the exhaust pipe 2, 
and a catalyst 3. For a catalyst 3, the high voltage The sensor 9 and the poisoning degradation 
condition of a catalyst 3 which measure information required for the pulse height electrical-potential- 
difference generator 5 which supplies the pulse-like high voltage to the electrodes 4 and 4 to cover, 
the internal combustion engine control imit 9 1 which controls an internal combustion engine's 1 
operational status, and the intemal combustion engine control unit 91 at control are judged (detection 
or presumption). As information for the poisoning degradation condition judging and the control 
means 94, and the poisoning degradation condition judging and the control means 94 which control 
the pulse height electrical-potential-difference generator 5 to judge a poisoning degradation 
condition It consists of reducing-agent addition equipment 10 which adds a reducing agent required 
in order to recover the thermometer 8 and poisoning degradation catalyst which measure the gas 
temperature of the catalyst entry to be used in an intemal combustion engine's 1 cylinder. In 
addition, it is very good instead of reducing-agent addition equipment 1 0 in the form which adds an 
additive in a cylinder by control of an intemal combustion engine 1 . Moreover, the reducing-agent 
addition equipment 1 0 which adds a reducing agent may be formed in the upstream rather than a 
catalyst not within a cylinder but within the exhaust pipe 2 of an intemal combustion engine outlet. 
[0026] Next, recovery control of sulfur is explained to a detail. Drawin g 14 shows the judgment flow 
chart of sulfur poisoning. It is NOX as an intemal combustion engine 1 as a catalyst 3 for removing 
the injurious ingredient in exhaust gas for a diesel power plant. It is NOX when it is with an 
occlusion reduction catalyst. With the sulfur with which an occlusion reduction catalyst is included 
in a fuel, poisoning is carried out and the engine performance may deteriorate. Sulfur degradation of 
a catalyst is decided from the amount of the sulfur in the exhaust gas which passed the catalyst, the 
temperature of the exhaust gas at that time, and the equivalent ratio of exhaust gas. A poisoning 
degradation condition judging and a control means 94 obtain an engine rotational frequency, the 
amount of EGR(s), and injection fuel quantity from the intemal combustion engine control device 91 
first. An inhalation air content (GA) is computed from an engine speed (rpm) and the amount (Gegr) 
of EGR(s), and it judges whether an exhaust gas is in a rich condition from injection fuel quantity 
(fuel), and whether it is in the Lean condition. This value is set to Lrich. 
Lrich=f(rpm,Gegr,Fuel)-(l ) 

[0027] Drawin g 15 is a graph showing the relation in the condition that the occlusion of the sulfiir is 
easy to be carried out to exhaust gas temperature and a catalyst. The sulfur occlusion of the occlusion 
reduction catalyst in lean atmosphere prospers in a certain temperature region, and there is at an 
exhaust gas low temperature side. [ little ] Moreover, in an exhaust gas pyrosphere, when coming out 
of a catalyst before occlusion of the sulfur which entered in the catalyst is carried out, the sulfiir by 
which occlusion was carried out is also emitted. In a low-temperature region, in order that a 
sulphuric occlusion reaction may not progress, there are few amounts by which occlusion is carried 
out. Drawing 15 is obtained by summarizing the above result, and sulfur's expressing with - (minus) 
the direction which occlusion is not carried out but is emitted by (plus) in the condition that 
poisoning occlusion is easy to be carried out, and writing a graph by setting an axis of abscissa as the 
exhaust gas temperature to a catalyst. Next, it asks for a coefficient C from drawing 15 using the 
exhaust gas temperature (Tgas) measured with a thermometer 8. 

[0028] Drawin g 16 is the graph which expressed the coefficient B showing an exhaust gas flow rate, 
and the occlusion of the sulfur to a catalyst and the relation of balking with relation with an exhaust 
gas flow rate. Since the magnitude to which occlusion of the sulfur is carried out in a rich ambient 
atmosphere is small in the case of an occlusion reduction catalyst, the sulphuric amount of occlusion 
hardly increases. Moreover, the amount of the sulfur in which an occlusion reduction catalyst carries 
out occlusion is influenced by the exhaust gas flow rate and the concentration of the sulfur in exhaust 
gas. About an exhaust gas flow rate (GA), it can compute from an engine speed and the amount of 
EGR(s), and the concentration (S) of the sulfur in exhaust gas can be computed from the injected 
amount (fuel) of combustion. When these are expressed with a formula, it is GA=f (rpm, Gegr). - (2) 
S=f(ftiel)-(3) 

It can express. If there are many amounts of sulfur in exhaust gas even if it is the temperature of the 
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exhaust gas same with a natural thing, and a flow rate, the amount of sulfur of the amount by which 
occlusion is carried out from which it increases and is desorbed at the time of an elevated 
temperature will also decrease. Moreover, as shown in drawing 16 , the amount of occlusion of the 
sulflir to an occlusion reduction catalyst increases, and when an exhaust gas flow rate is large, the 
occlusion of the sulfur to an occlusion reduction catalyst and the amount from which it can be 
desorbed become less as a time with few exhaust gas flow rates. It asks for the coefficient B which 
expresses this relation using drawing 16 . 

[0029] Drawing 17 is a graph showing the relation between an intemal combustion engine's 
operation time and the addition value of the amount of occlusion sulfur to a catalyst. Next, with 
reference to the flow chart of drawing 14 , the judgment loop formation of sulfur poisoning to an 
occlusion reduction catalyst is explained. The processing at each step (step 1 - step 7) from a start to 
termination is as follows. 

- Step 1 (S 1 ) : calculation of the concentration (S) of the sulfur in measurement of an engine speed 
(rpm), the amount (Gegr) of EGR(s), injection fuel quantity (fuel), and exhaust gas temperature 
(Tgas), an exhaust gas flow rate (GA), and exhaust gas. 

- Step 2 (S2) : calculate Lrich from (1) type based on the data measured at step 1, and judge whether 
exhaust gas is rich. 

- step 3(S3): — it judges with Lean at step 2 — having — a case ~ a thermometer 8 — having measured 
~ temperature — a radical — drawin g 15 to a coefficient C — asking . When judged with it being rich 
at step 2, a judgment loop formation is ended. 

- Step 4 (S4) : calculate an exhaust gas flow rate (GA) using a formula (2), and ask for a coefficient 
B from drawing 16 . 

- Presume the amount of occlusion sulfur by the following presumed type based on B and C which 
were calculated at the sulfur concentration (S) for which it asked by the step 5(S5):(3) formula, step 
3, and step 4. 

**S=a*B* (C+S) - (4) 
Here, a is a constant. 

- Integrate **S obtained by the step 6(S6):(4) formula. 
Stot (t) -Stot(t-l) +**S - (5) 

Here, t expresses time amount. The addition value Stot (t) is a value set as 0 at the time of an intemal 
combustion engine un-operating, and the intemal combustion engine is subtracted and added by 
operation ******** ^j^j types. 

- Step 7 (S7) : judge whether Stot (t) is over the threshold A (the value when being set to 80 when 
the condition that sulfur stopped reaching more than this is set to 100 is set to threshold A) defined 
independently. When Stot (t) is over the threshold A, a catalyst carries out degradation recovery in 
the condition of having carried out sulfur poisoning. In being smaller than a threshold A, I hear that 
Stot (t) still is not in a degradation condition, and it ends this judgment loop formation. This 
judgment loop formation is calculated by computer which intemal combustion engines are working 
and fixed spacing, and carried, and Stot (t) is calculated. 

[0030] When judged with it being in a sulfur poisoning degradation condition, the following 
degradation recoveries are performed. Namely, by being shown in the above-mentioned judgment 
loop formation, like, if judged with poisoning degradation of the catalyst 3 being carried out by the 
poisoning degradation condition judging and the control means 94, the signal will be first told to the 
pulse height electrical -potential -difference generator 5. In the pulse height electrical-potential- 
difference generator 5, the high voltage required to give discharge to a catalyst 3 occurs. Although a 
fixed electrical potential difference is sufficient as this electrical potential difference, its pulse-like 
electrical potential difference is [ a poisoning restorative effect ] larger. The pulse height electrical 
potential difference generated with the pulse height electrical-potential-difference generator 5 is 
applied to a catalyst 3 from an electrode 4. On the other hand, the judgment signal of poisoning 
degradation is transmitted also to the intemal combustion engine control unit 91. In the intemal 
combustion engine control unit 91, operational status is changed so that an exhaust gas component 
may become conditions convenient to poisoning recovery. NOX In the case of sulfur poisoning of 
the occlusion reduction catalyst 3, as for the reducing atmosphere, poisoning recovery progresses 
more rather than a hyperoxia ambient atmosphere. For this reason, the intemal combustion engine 
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control unit 91 controls operational status so that exhaust gas becomes reducing atmosphere. 
Moreover, a reducing agent (here HC) can also be added in an internal combustion engine cylinder 
from reducing- agent addition equipment 1 0. 
[0031] The period of this degradation processing is T=b*Stot (t). 

It comes out and performs only for T hours expressed. Here, b is a constant. T-hour after, 
degradation recovery is ended and 0 goes into Stot (t). When the time of a catalyst becomes long, it 
becomes impossible here, to recover enough, even if it carries out degradation recovery. Then, 0 is 
not put into Stot (t) after degradation recovery, but an internal combustion engine's operation time is 

measured, and it is Stot(t) — f (t). 

It is also possible to put in the value acquired with the function carried out after degradation 
recovery. Here, t is a catalyst time. By this approach, the capacity after recovery of a catalyst can be 
treated more correctly. 

[0032] Drawing 18 is NOX at the time of recovering sulfiir poisoning with the exhaust gas purge of 
the internal combustion engine concerning this invention. It is a graph showing change of the amount 
of occlusion. It is NOX in the time of a catalyst so that clearly from drawing 18 . The amount which 
can carry out occlusion becomes less. If it passes over a certain level, the degradation judging of a 
catalyst will be made and it will go into degradation recovery operation (A in drawing 18 , B). Even 
the condition in front of poisoning can be made to recover very much only the catalyst front face 
which could raise activity by ionizing a reducing agent, and carried out poisoning in the poisoning 
degradation recovery operation by discharge by being made to an elevated temperature for a short 
time. And NOX almost equal to the condition in front of poisoning The engine performance with the 
amount of occlusion is obtained. On the other hand, when taking time amount by the Prior art which 
recovers poisoning degradation only by raising the temperature of a catalyst before the whole 
catalyst reaches recoverable temperature so that clearly from drawing 18 , in the usual intemal 
combustion engine's operating range, it is unrecoverable 100%. Therefore, by the poisoning 
degradation recovery only by only raising the temperature of a catalyst, as shown in drawing 18 , it is 
NOX of a catalyst. It not only decreases gradually, but there is time amount which poisoning 
degradation recovery takes, and many or the problem of cutting as the amount of occlusion repeats 
recovery. On the other hand, in the poisoning degradation recovery by the equipment of this 
invention using discharge, there is such no problem and the outstanding effectiveness of the ability to 
make it recovering to the original amount of occlusion for a short time is done so. 
[0033] Drawing 19 is a graph showing the relation between exhaust gas temperature required for 
poisoning degradation recovery, and the amount of recovery at that time. In drawing 19 , it is shown 
that poisoning degradation is recovered well, so that the amount of recovery is large. In being able to 
ionize a reducing agent near the poisoning side of a catalyst by discharge and being able to raise 
activity capacity with the equipment of this invention using discharge, since it is locally made near 
the catalyst front face to an elevated temperature, if it sees from the whole gas temperature, the high 
amount of recovery can be obtained from a low-temperature region. On the other hand, with the 
sulfur poisoning degradation recovery technique only by only raising the temperature of the 
conventional catalyst, in order to recover poisoning degradation completely, even if it is necessary to 
make exhaust gas temperature into an elevated temperature and carries out recovery below with the 
exhaust gas temperature, it does not return to the original condition completely. Therefore, there is 
what has difficult obtaining the exhaust gas temperature made sufficient for recovering completely 
depending on intemal combustion engine's class, and, as for a catalyst, in the case of the catalyst 
prepared for such an intemal combustion engine, the adsorption capacity force will be dropped 
gradually. 
[0034] 

[Effect of the Invention] This invention can purify efficiently - intemal combustion engine and the 
nitrogen oxides especially contained in the exhaust gas from a diesel power plant as it was described 
minutely above. - usually ~ coming out - to which catalytic activity can carry out purification from 
the exhaust gas low-temperature region which is not enough — usually — also coming out, when 
catalytic activity stops discharge in the exhaust gas temperature region which C£in be demonstrated 
enough and purifies only with a catalyst As opposed to sulfur poisoning of - catalyst which can 
suppress loss of energy and which can perform offgas treatment as sulfur poisoning of - catalyst 
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cannot arise, and can improve the degradation stage as a catalyst sharply While being able to make it 
recover in a low-temperature region rather than the usual heating approach, the effectiveness which 
was [ attain / recovery in a short time and the recovery to the condition in front of poisoning ] 
excellent is done so. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the schematic diagram of the 1st operation gestalt of the exhaust gas purge of the 
internal combustion engine concerning this invention. 

[Drawing 2] It is drawing showing an example of the concrete configuration of a discharge device 7. 
[Drawin g 3] They are X of drawin g 2 , and X cutting sectional view. 

[Drawing 4] It is a graph showing the relation between exhaust gas temperature, the yield (TNOX) 
of nitrogen oxides, and equivalent ratio. 

[Drawing 5] It is a graph showing the relation between an engine speed and an unbumt [ fuel 
quantity / injection ] HC concentration line. 

[Drawing 6] It is a graph showing the relation between exhaust gas temperature and the yield 
(TNOX) of nitrogen oxides. 

[Drawin g 7] It is drawing showing the relation between the yield of nitrogen oxides, and the pulse 
voltage impressed to a discharge device. 

[Drawin g 8] NOX in a catalyst outlet [ as opposed to / technique / this invention and / conventional / 
exhaust gas temperature ] It is the graph which showed the amount. 

[Drawing 9] It is the schematic diagram of the 2nd operation gestalt of the exhaust gas purge of the 
internal combustion engine concerning this invention. 

[Drawing 10] Other structures of the electrode section of the 2nd operation gestalt of the exhaust gas 
purge of the intemal combustion engine concerning this invention are shown. 
[Dr awing 1 1 ] It is drawing showing the relation between the mean temperature of the exhaust gas 
before and behind a catalyst, and the amount of the sulfur in exhaust gas. 

[Drawin g 12] NOX [ as opposed to / technique / this invention and / conventional / a time ] of a 
catalyst It is the graph which showed absorptance. 

[Drawing 13] It is drawing showing the schematic diagram of the 3rd operation gestalt of the exhaust 
gas purge of the intemal combustion engine concerning this invention. 
[D rawin g 14] The judgment flow chart of sulfur poisoning is shown. 

[Dr awin g 15] It is a graph showing the relation in the condition that the occlusion of the sulfur is 
easy to be carried out to exhaust gas temperature and a catalyst. 

[Drawing 16] It is the graph which expressed the coefficient B showing an exhaust gas flow rate, and 
the occlusion of the sulfur to a catalyst and the relation of balking with relation with an exhaust gas 
flow rate. 

[Drawing 1 7] It is a graph showing the relation between an intemal combustion engine's operation 

time and the addition value of the amount of occlusion sulfur to a catalyst. 

[Drawing 18] NOX at the time of recovering sulfur poisoning with the exhaust gas purge of the 

intemal combustion engine concerning this invention It is a graph showing change of the amount of 

occlusion. 

[ Drawing 19] It is a graph showing the relation between exhaust gas temperature required for 
poisoning degradation recovery, and the amount of recovery at that time. 

[Drawing 20] It sets, when it does not exist with the case where HC exists, and it is NO to N02 by 
exhaust gas temperature and discharge. It is a graph showing relation with the amount which 
oxidizes. 

[Description of Notations] 
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1 Internal Combustion Engine 

2 Exhaust Pipe 

2' Exhaust pipe case 

3 Catalyst 

4 Electrode 

5 Pulse Height Electrical-Potential-Difference Generator 
7 Discharge Device 

8, 8 1 , 82 Thermometer 

9 Sensor 

9 1 Internal Combustion Engine Control Unit 

92 2nd Intemal Combustion Engine Control Unit 

93 ****** Degradation Condition Judging and Control Means 

94 Poisoning Degradation Condition Judging and Control Means 

1 0 Reducing- Agent Addition Equipment 

1 0 1 Exhaust Pipe Case 

102 Insulating Material 

103 Electrode 

104 Spacer 

105 Plug 

1 06 Insulator 
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i^-eii. flfa:l:^^^;^i^ft?:ft?MLfjiaftft8 1, 8 2^;i^ 
[0 0 2 11 [118(i. *f&^tf^*tt#f (Scm^fi>^^m 

NOx fi^rT^n y h L/::*)<7)"r*/2)o Ill8*^tb> flfti^co 
Bcofflit) -CliNOx i#•^b^i{5<h^^3^^v^c: 

<:o/ii6. ^saJ^T•^±(5^:^^fN0x o^fb/^i^^tt^tv^^ 

;0^^=tv^SPM:**;^fi:iBOBO^;^-e{i. N07ii^N02 \z^ 

fL^z.t'x:. mMi^^xftm^\zm,m^n^ m^mz 

ii. mm.if:^<r>iii6i'i)^^m^m^ii;<fzib^ c:tt(c®lp 
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(I io V ^ T ii jKB^g <t o T ti T ^ ^ 

m^^^j:< ti,mm<7y+^^^rm^mhix^fzib. 

^-t^^ti^zx^ . ^<D^(7ym^i7:^'^mizmi^mLfz 

[0 0 2 21 mdit. ^^mf.z%:h\^mmm<om^:^^:^ 
mtmm<om2<DmmMm<^v^mmx$>^o in^>. is» 

^7r^'ti>(Dx^ho mi o(i. ^^^mz^.:b\^mmm<o 

^^jr^\^fzi,(Dxhho immmmiimif :^mtmm. 
It. nmmm\(r>m%m2{zmnhfifzfm3. mmz 
<7) ±. li u ^ 1 1 ^ tt M »tt ^ * 1- R tft CO — CO m 

ffi4 2, 4 3. — *t(0i;ffi4 2, 4 3 HtC/NVW>?.t^(;0]a5 

mmmmmmm^ 1 ^zmmx^^^t^^mmitm-t ^^^y 
fjj^ • ©J^^e9 ^mm-t^fz^^T^mAt lt^v^ 

— ^4-omffi42, 4 3 <!:ftfelR3 <t fc±i?Lll!|c0 5?f>; 

mm^m^\^fz'ikmmify^^i^t^tm\^^ 

iaj£lt8 1, 8 2 <i::d-^b«ScS^ttTV^^o ^ib\ — 
40 mM4 2, 4 3BtcS5cm (^"^Xv) :ei^^^i:^-rv^J:o 

ho tfz^ ±feoggT*(i> mm3(D±WLm{zm^fhfi 

7t:ii^14^*f '5>Ras^^cO— WcomM4 2,4 3 C0>fi:t> 
J9lw, HI 0ti:5^$ttTv^^ J:9(i. fl*«3 <7)Jti7!Lffl[|ti 
lS:ttibtt7t:#^iccomS4 4 i:. 'tomU4 4 <i:*tlSL7t: 
fiST-. Sf^® 2 0^1^jStcW^t<7)mffi4 5 t i:^nxi> 

S^^^tiSTcSJ (HC) Sr?3sSD-r^«7C?PJ?^»n^gSrK 

50 NO2 {zmit^fi\>Z<\^^fzib{Z^ ®I*I^OHC7^JO<> L 



-7- 



13 

[0 0 2 3] ^^11. ±Mnmmm(^m%'^^ y^mt^m.^^ 

ffi ^ « 4» O^^cog <h CO ^ L /I [il * 

(-r?t-'^s«) (i«^-e§;^»o Mu. £«it8 1 , 82 

(DW-^^'&M'k^^ho -E-LT. Ell 1 'e^L7t:^*'7"7ti 
[0 0 2 4] HI 2(i. ^ *ft#f 

OiliKoNOx ots.atg;f:j (nS^oTfei:) imi^fz^^y 
Ji. teat Lr<7)^<tB#«8S::^iIStca:iir*^>sc^;e>^^eg 

i)-hm^^Mz^o {mmmM±.xmit ^ t^N o 

2 , N03 tts:^X^m^iXh'hK i^-^. -mz{tSO 

#x.«btL^o s^'w. Winxit^ S02 oKfb (S02 -* 

SO3 ) J: »9 N O Og^^b (NO— NO2 ) 

Lrich=f (rpm, Gegr, 

[0 0 2 7] mi 5{i. m%i^:^^^tmmA^^ni)m 

m^fi^^^^mt<DT^%i9ii^\^fzifyyxh^o 
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M 

02 t]tnLXN02(r>')j^^^x^mmiz^M^ix'^'r 

ibiz^ SO2 timLXNOi <D•)f:^mm^^RM^i^. 

h o 

[0 0 2 5] Ell 3i±> ^^mi.zm^f*immm<oi$mif 

:4:^S 5 . 1 <r>mwm.^^ > h n-;u-t^i*i 

^itgim^S9 1 . ^mmmwm^^^ i u$iji^T"£- 

g^1f^?rft}!iJ-r^-b>-9— 9 . fi*<9t 3 O^^^^feltm^ 

ft 8 . ^mi^itmm S: mm $ ^ *;> tc-j^-s ^ Mjtm i 

m&^ixx^^i>o S^cSiJi^SP^B 1 0 coft 15 1:: 

rti^tHK 1 OftlJiWi; J: "9 . mimmi:isi\*^izmu-r^f^i: 

2 T% mm xt)i> ±m.m i^MTcm ^ mm-r Mitm 

[0 0 2 61 K»0|l«*IJ»t;oi,^TpiBtct!i§g 

-t^)OT-*-i>o 1*1^^58 1 i: LT 7" >f --if Jl-'J^VvV 
^m**X4'0*»«^*l^*-r-i.7ti6<7)»«3 t L 

TNOx wstMytmm^i>^^^^m^. nox "SiKjiTE 

40 XiteSfc (r pm) tEGR* (Gegr) 

^» (GA) in-tnL. mmmnt. ( f u e 1 ) t^-^ 

:*^**J3e-t-5>o CLO-ffi^: L r i c h -So 
Fuel) - ( 1 ) 

50 S:»*o '>:ua)Stf8r'W-ffll$ti-&«f^*";^fiJS (Xg 
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a s) ^tto-r> nisi: »9^^C^*i6^o 

10 0 2 8] laieii. m%^:^irLmtmm^(7y^n<7) 

^if^mi (GA) t:ov^T(i. v >[llSiSc^ E G 

^<7)/tg (S) (iPtW^nfc^^M (f ue 1) t^hn 

G A= f (rpm, Gegr) - (2) 
S=f(fuel)-(3) 

[0 0 2 9] mi 7 {i. 

Stot (t) =Stot.(t~l) 

cci-e. tit. B#pfl^st>-to m»«s t o t (t) 
mmm:^'Mmt\:ib^t (5) ^icj: i9so?^»$tirv^ 

<o 

' Xv-y-fl (S7) : SiJtZ^^/j:|f>fSA (Ctta±^ 
«;&^^lP?J^-i: < ^^^fcVtmi loot tfc^^U. 0IJX. 
{i\ 8 0 i:^o7t:^§0>(I^L§v^>(ftAt-r'2>) ^St 
o t (t) ^mK.Xy^^^^-^:d-^n^^^o Stot 

(t) 7ii^^BfttAt^x.Tv^;^tt^ti(i. to^.^OM^'^te 

(t) ^o^^ggiiAi 19 ^>/h$v^j#^(iii. i /::^f[:«,«'e 

T^cn^ejL-iJ'Ui: *9W-»^tt. Stot ( t ) ;6^it» 

10 0 3 01 ^m^m^immxi>^ tm^^iifzm^ 

Bffi4 J:i9(5ii«3tcd>tt<c>tt^o ffe:^. 
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m^<o^ :^^^m<om^)^-rfi,z^\^>xu^'t^o 

• X-r y^l (SI) : j:-> V >li*z;i5c (rpm), E 
G R* (Gegr) , m^mm (fuel), umif 
Xi^K (Tga s) cOiPJl^. J^f^^^^^^rL* (GA) , m 

^^(omm (S) o»aio 
.Xt-V7'2 (S2) : ;^T-y 7*1 -C^ftiiiL/j-r-^^ 
70 { I ) ^i)-h L r i c h ^^^6. 'J y ^ 

• y^vT-^y >^"*3 (S3) : ;^T-*y y2'ev->'<hffl5gs^:ix 

r^t^N i^mtfsxm^LfcTSLm^mizmi 5:^^hi^M 

It. #lj7H^l--7^*«?-7i-^o 
•X'ry'7^4 (S4) :^ (2) ^i^<>xm%^' 
(GA) S:**!). mi e^^^^f^iScB^^i^-Bo 

•y;f-y"7'5 (S5) : (3) ^c-e**^)/c^:^»>igs 

(S) t>^r-y^3y y^y'yy'AXiKi^fzB, C^mz 
iA.S = a * B * ( C+ S) - (4) 

• xx^ye (S6) : {A) ^xntz^^^.s^mm-t 

^ o 

+ A.S - (5) 

i t ^ r- # ^ o 

[0 0 3 1 1 c<oMI:Mi3ffio^ra<±, 

T=b*Stot (t) 

TBfWf^, *Mbll]m^aafil?-TL. Stot 
(t) HfiOTJ^A^o ^-T% ^i5ftliai!!!!315rLTt. 

::-e, '^itmmk^~s tot (t) ICO SrAtJ-^co-cii 

stot (t) '=f (t) 

[0 0 3 2 1 SI 1 8 1±, ^fm\~%i>^mm.^<r>m9i.if 

50 WSA<omti^t>-tV7yX'i>i>o mi Sii^hmhii^ 
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±if ^ c t * [am $ -2) IS *ojMT-e 

[0 0 3 31 HI 9(i. ^m^itmm^'Z^m^£m%if 

:t>fbL. m'&.mti^Az^f^^t^^x^^n^. mm^ 

v^o t<r>fzib. )^mmm(r>mm^::-x.ox{t^^\zmm^ 
't(o^n^^nmmmr^mihftfzmM<om^\z{t^ 

^ o 

[0 0 3 41 

[l&?^OJA*l :^^m\t. l^klMt^'Ltzt^n. 

• m'^xi>mmtm^'+»^mx^^m%:^^^i&mmx 
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[mil ^^?§(iiS^[^B1Sr^coti^^5^7''x?#-fi:^Mo» 
[EI 2 1 jas^S7(7)^i$:at;4^«)S:o-^j^^i-Ei'e^*> 

[113] I1I2WX, X^BfSlfM[lt:*^o 
10 [[114 1 Jim *'XiaiSi:M*^<kll coffees (TNO 

[0 5] j:.>v>llte«5:i:i«»J-:^f|-l:t^*^HC}S« 

[H6] T^^i^hmMmtmn^^m. (tno 

[0 7] S#Mfl:?^o»^l:i:ffic^^St-en*D-r-5.^-?>u 

X « |± t CO 18 * * #5 L 0 T- o 
[0 8] :$:|&ggi:aE*JS#fJ-ov^T. Sm*';^iaS{-*t 

20 [0 9] ^^m~*^.^n'&m^m\%.ify^'^\m.m.<r>^ 
[01 0] ^^m^-~.%^n'BMx^m'^%.if T.m'mm.'D 

-5) o 

[011] mmm-ii^ii hm%if 7.<r)^^^w.hm^ 

4'<Oi^«<7)Si: OP*!'^^^*? L/i0T-ib-l.o 
[012] :*:|&?gtjJ6*^$l5lcov»r, ffiffl^Wlcit-f 

[013] :*:|&egi-'^^rt;^«^W<OSf^:**;^»ft^«<0 

io ^3 o^ifiB,^<7)«B&0^7Ki"ll'e*-5>o 

[014] 'r*'>tE««0*iJ3e7n-f^-v- h?r^i-*><7> 

[01 5] m^ify^^m.hmm'~^^i)^WLW.%i\.W7^^^ 

[016] »m*';^»it»i:ftfe«'^O^Jt<0»Rii£. mfSL<0 

[017] \^mmr^<ommnmtmm'^<r>m.m^nm:<^ . 
40 [018] :^^mi,z%i>\*]mmm<r>m^^'7.mtmm.i^z 

[01 9] is«i&<kiamtc-£>s^sm*':^ia*i:-?-oi: 

i <7>limfii: <7)M#«-*t> L7t ^-cab-So 
[02 0] HC#l¥4-r^*i'§-i:#4L^v^3^'^lCiiV^ 

[l?-^«0|ii?g] 

1 nmmf^ 

50 2 
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8 1, 8 2 
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9 4 
1 0 

1 0 1 
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1 0 6 
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SiHl 
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9 4 



'S4 



1 
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S3 



S«)l(t)= StfM<lrl) + AS 
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S(ol(t)> A 
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1 8] 



212 0] 




01^ 

>o 8 
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« 9, 



yu> h^- v<7)^ 



F ^ - (##) 



3G091 Mil Ml 8 
BA11 BA14 
DB10 DB13 
EA08 EA16 
FB10 FC02 
HA39 HB05 

4D048 M06 AB02 
BDIO CAOl 
CDIO DAOl 
DA20 EA03 



AB05 ABD6 AB14 
BA33 CA16 CA18 
EA01 EA03 EA05 
EA17 EA18 EA33 
HA07 HA36 HA37 

AC02 BC01 BCIO 
CC31 CC61 CD08 
DA02 DA08 DA09 
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